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ABSTRACT 
The effect of various mating conditions on the pairing 
percentages in Chlamydomonas moewusii were determined. A 
pairing percentage of 43% was obtained when gametes induced· 
at 21°c were shifted to a mating temperature of 19°c for 1 
hour. The lowest pairing percentage was obtained when cells 
were induced at 30°c and shifted to 19°c for 1 hour. The 
anti-microtubule agent colchicine and the anti-microfilament 
agent cytochalasin B were employed to determine their effect 
on pairing in C. moewusii. Both drugs demonstrated an inhibitory 
effect on pairing in Chlamydomonas. The inhibition of gametic 
pairing in cells treated witn colchicine was greater than those 
gametes treated with cyt6chalasin B. Low temperature is known 
to disrupt microtubules. Gametes exposed to 4°c exhibited a 
dramatic decrease in pairing percentages. These results seem 
to suggest an interacting relationship between microtubules and 
microfilaments that play a crucial role in the pairing of Chlamy-
domonas moewusii gam~tes. 
ii 
PROBLEM TO BE RESOLVED 
Three avenues of investigation on the Chlamydomonas pairing 
phenomena were pursued. The first was concerned with conditions 
of pairing. A systematic and analytical study to determine the 
specific factors involved in maximum and consistent pairing was 
undertaken. The variables tested to determine their effect 
on pairing included: nutrients, cell density, culture age, 
induction fluid, light/dark and temperature. The second area 
of inves·tigation was to study the effect of the drugs·colchicine 
and cytochalasin·B on pairing. Colchicine is a known anti-
microtubule agent whereas cytochalasin Bis an antimicrofilament 
agent. Based on the effect of these two drugs, an inference 
into the role of microtubules and microfilaments in the mating 
process could be made. Finally, since it was determined that 
microfilaments are associated with pairing, the hypothesis that 
gametes treated with heavy meromyosin would exhibit an arrowhead 
complex in microfilament-associated areas was tested. 
iii 
LITERATURE REVIEW 
The mating phenomena in Chlamydomonas moewusii has been 
well documented by. previous authors (Brown et al.·., 1965; 
Triemer and Brown., 1975). Copulation occurs between two 
morphologically similar., motile mating types (plus & minus). 
Vegetative cells of Chlamydomonas are transformed to the 
gametic state in a low nitrogen culture medium. This trans-
formation of the vegetative cell can be terminated with the 
addition.of a nitrogen source. 
The mechanism of mating in Chlamydomonas is a highly 
specific and multifacet'ed··p·ro:c.es.s beginnin'g with·. the ag·61u...:. 
tination of mixed plus and minus cells. This agglutination 
occurs by adhesion-of the flagellar tips. Wiese (1965) showed 
that the agglutination does not take place when opposite sexed 
vegetative cells are mixed., gametes of the same sex are mixed., 
or when gametes are mixed with vegetative cells. This points 
to the fact that there may·be a change occurring at the flagellar 
tips of the gametic cell which results in agglutination. Short-
ly after agglutination a second process is established., that of 
fertilization tube development. Observed in this step is a 
lengthening of the plasma papillae toward the surface of the cell 
wall papillae with subsequent hydrolysis of the cell wall. This 
disruption of the wall papilla allows contact and eventual fusion 
of the cell membrane to form a cytoplasmic bridge or fertilization 
1 
tube (Brown et al., 1968; Triemer & Brown, 1975) .. This fusion 
of the membrane is able to occur due to the fact that the 
gametes are placed in juxtaposition by the fle.x:ing and un-
flexing of the paired flagella (Triemer ·& Brown, 1975). Once 
this fusion is complete, the two cells, now acting as one uni±, 
bre~ away from the agglutinated mass of gametes and swim off 
as a tandem pair. Lewin (1950) observed that the flag~lla 
of ·the plus gamete remained motile while the minus strain was 
papsive, trailing its flagella along the body of the plus. 
It is by this cytoplasmic bridge that plasmogamy and karyogamy 
occur, resulting in the formation of a zygote. 
Fertilization tube :formation in C. reinhardtii follows a 
different mode of action than C. moewusii. During gametogenesis 
the- cell~ w-alJ:·~,is, .. shed·."' Th€< two~ ::ltPa4ns··,o-.t;~ ee:E~:&··· a,re-·,ffi'i~ and·· 
the plus gamete alone shows the elongation of the papilla. 
This will eventually form a complete fertilization tube. Fusion 
of the two gametes commences when the tip of the rertilization 
tube comes in contact with t'he mating site of the minus gamete. 
The cytoplasmic bridge will then shorten and widen and eventually 
open to allow confluence between both cells with. the results of 
a motile, quadraflagellated zygote (Friedman et al., 1968; 
--
Goodenough & Weiss, 1975). 
Much work done on Chlamydomonas has been concerned with 
the adhesion mechanism between two compatib1e gametes. Wiese 
(1965) noted that the isolated mating type substance of either 
mating type caused an isoagglutination in the opposite mating 
2 
type. These mating type substances (gamone) we~e shown to be 
a glycoprotein from its monosaccharide content and its sus-
ceptibility to certain proteolytic enzymes. (Forst'er et al., 
1956). Forster (1956) suggested that it was this gamone 
material that was responsible for adhesion of the gametic 
flagellar tips. 
Wiese and Metz (1969) studied the effect of the proteo-
lytic enzyme trypsin on the isoagglutinating material. They 
found that trypsin in certain concentrations seriously af-
fected adhesion of gametes. When the gametes were mixed with 
their complimentary mating type, agglutination gradually de-
creased and was eN"entually lost. Furthermore., they observed 
that only the minus o-r female gamete was sensitive to trypsin. 
Wiese and Hayward (1972) working with the enzyme a-mannosidase.,. 
found that this enzyme affected only the male or plus gamete 
of C. moewusii; the minus gamete was insensitive. They con-
cluded that the active sites on the male gamete were carbo-
hydrate in nature while the active sites on the female gametes 
were of a protein nature. 
Isoagglutination of gametes of the same mating type of 
C. moewusii has been o.bserved with the addition of Concanavalin 
A (0.01%). However, the action of the Con A was not specific 
to any one mating type. When gametes of C. moewusii were 
treated with lower concentrations of Con A (0.001%) ve~y 
little isoagglutination occurred. When these gametes were 
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washed, and mixed with untreated gametes of the opposite 
mating type, a clear distinction between plus and minus 
gametes occurred. Plus gametes treated with Gon A were no 
longer able to agglutinate with untreated minus gametes 
(Wiese & .Shoemaker, 1970). · This suggests that Con A adsorbs 
to the flagellar surface, ·inhibiting adhesion. 
McLean and Brown (1974) h ave demonstrated that tryp­
sinized cells exhibit an inhibition of the mating reaction. 
Mannose or sucrose seem to inhibit Con A agglutination but 
do not effect flagellar agglutination. Monovalent Con A 
selectively binds and covers C6n A sites at the surface of 
the flagella without affecting ·sexual agglutination. 
McLean et al (1974) have studied the agglutinating 
material or gamone in c. moewusii. By employing negative 
staining methods to the gamone material with 2% phosphotungstic 
acid, they were able to describe the gamone as membrane vesi­
cles with a fuzzy coat and associated mastigonemes. Masti­
gonemes are flageliar appendages approximately 8-10 nm in 
diameter and 0.4 um long. The fuzzy coat was approximately 
14-35 nm thick. There were no morphological differences
between membrane vesicles of the plus or minus mating type.· 
Purified membrane vesicles exhibited very strong isoagglu­
tinating activity, while purified mastigonemes did not. 
Therefore, it seems these membrane vesicles with their ad­
hesion sites are responsible for the isoagglutination 
phenomena. 
4 
Microtubules 
Microtubules are found in almost all eukaryotic cells, 
either cytoplasmically or in flagella and cilia. Micro-
tubules are long, cylindrical structures ranging from 200 
0 0 
A - 300 A in diameter. The walls of the microtubule consist 
of 13 sub-units (Ledbetter and Porter, 1963) and are arranged 
in a helical array. These run parallel to the long axis of 
the microtubule (Warner & Satir, 1973) and are called pro-
tofilaments. The filamehts are composed of globular protein 
0 
units 40 A in diameter. 
Manton and Clarke suggested in 1952 that the microtubular 
structure ~f flagella was composed of 9 outer doublet fibers 
surrounding 2 inner single fibers. With the advent of thin 
sectioning ~nd the use of glutaraldehyde for fixing, the 
morphology of flagellar microtubules was elucidated. 
The axonemal structure of flagella shows the typical 
9+2 microtubular pattern along with other structural components. 
The 9 peripheral microtubular fibers have an approximate diameter 
of 15-25 nm, the 2 central tubular fibers are slightly larger. 
Members of the peripheral or outer pairs are designated as 
subfiber A and subfiber B. These two microtubular structures 
make up Gne pair of the total nine. Each subfiber A has a 
series of arms extending from them. (Ringo., 1967). These are 
the dynein arms and are known to have ATPase activity. Con-
nected to each subfiber A are 2 dynein arms, ah inner arm 
that is linked to subfiber B (Kiefer., 1970) and an outer arm. 
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Also present in the 9+2 array are serjes of· cross or radial 
linkages. These linkage� connect the peripheral p�irs with 
the central pair. The linkages are attached to subfibe� A 
and terminate at the central sheath that surrounds the· 2 
inner microtubules. These linkages are about 36 nm in length. 
The biochemi�try of microtubule protein has been widely 
studied, especially in animal systems. The basic protein 
subunit of tJ;le microtubule is a 6 S dimer of 2 polypeptide 
chains with a molecul�r weight of 120,000 (Mohri, 1968). 
This pro�ein has been shown to bind to 2 moles of guanine 
nucleotide (Stephens et al., 1967), one tightly and the other 
loosely (Berry & Shelanski, 1972). Mohri (1968) named this 
protein subunit of microtubules, tubulin. Upon denaturation 
2 monomers are observed with a molecular weight of 53,000 
and 56,000 (Olmstead et al., 1971; Witman et al.,. 1972). 
These two monomers have been designated alpha and beta tubulin 
respectiv�ly. 
The plant alkaloid colchicine has been used extensively 
in experiments dealing with microtubular structure and func­
tion. Inoue (1952) wa,s the first to observe the effects of 
colchicine on microtubules. He noticed that in the presence 
of colchicine, the mitotic spindle was disrupted. It was 
also shown that disruption of the spindle would occur at low 
t -1-. • 4° C. emperavure i.e. Taylor (1965) postulated that colchicine 
was able to bind to a specific site on the microtubule. Borisy 
& Taylor (1967) found that when H3-colchicine was applied to 
'6 
an in vitro mammalian cell system, the colchicine bound to 
the 6S tubulin. This binding was non-covalent,. strong, specific 
and slow. Each tubule dimer was found t'6 bind 1 mole of· col­
chicine (Borisy & Taylor, 1967). In their work with the sea 
urchin, the same �orkers found that when the mitotic appara-
tus was extracted, the microtubules disappear and the extract 
contains the 6S colchicine binding protein. 
Borisy & Taylor (1967) suggested that colchicine acts by 
binding to the tubulin and preventing its polymerization into 
microtubules. Colchic,ine, added to an in vivo r.eassembly sys­
tem, will stop the polym�rization of the tubulin when 5% of 
it has bound to the colchicine (Borisy et al., 1974). They 
suggest that the colchicine has only to qind to the growing 
end of a microtubule to block any furtqer growth. 
Robinson et al (1976) noted that microtubules were found 
in the cortical cytoplasm of the green alga Oocystis solitaria 
and that these tubules played an integral function in cell wall 
development. When treated with a 10-2 M concentration of col­
chicine these cytoplasmic microtubul�s could not "be detected 
and ce-11 wall pattern did not develop. Col chi cine has been 
shown to inhibit ce11·u1ar growth and differentiation in the 
slime mold, Dictyostelitun discoideum. D. discoideum undergoes 
a life c�cle not unlike Chlamydomonas. This organism exhibits 
a two-phased life cycle; in the first growth phase the organism 
exists as unicellular amoeboid cells which, under suitable 
media� will grow and divide. When these cells are deprived 
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of nutr±ents, they enter the second phase of their life cycle. 
This begins with the agglutination of approximately 50,000 
cells to form a tissue-like mass. The aggregation of cells 
forms a tip at the center and forms a cylindrical growth 
called a pseudoplasrnodium. The pseudoplasmodium is trans-
formed into a fruiting structure called the sorocarp. This 
fruiting body contains amoebae at the apex which are trans-
formed to spo,res. The spores germinate to give rise to amoebae 
and the life cycle is repeated. Capuccinelli and Ashworth 
(1976) found that when treated with colchicine, division of 
the organism was inhibited~ Gytochalasin B had no effect on 
division. Cytochalasin Bis an alkaloid known to disrupt 
microfilaments. It was also demonstrated that both colchicine 
and cytochalasin B had an inhibitory effect on the aggregation 
process. Spores showed a decrease in their resistance to heat 
when incubated with cytochalasin Band colchicine. 
Micro filaments 
With the isolation of actin and myosin proteins from 
muscle cells, efforts have been made to establish the presence 
of similar proteins in non-muscle cell types. With the dis-
covery of actin-like filaments in the slime mold ~hysarum 
(Lolw~, -,1952), a great deal of research has lead to the con-
clusion· that filaments are found in almost all eukaryotic 
cells. 
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Microfilaments are found in diverse types in groups 
of variable sizes and distribution. Filaments function 
generally in non-muscle cell movement, cell transport, and 
translocation of organelles. Microfilaments have been shown 
to be involved in the changing shape of epithelial cells 
leading to gland formation, neurulation, and ascidian tail 
resorbtion. Filaments have also been observed in dividing 
plant cells. In Physarum, .the microfilaments are located 
along the periphery. These actin-like filaments provide the 
motive force for shuttle streaming. Shuttle streaming is 
simply the rhythmic flow of endoplasm. 
The presence of microfilaments in the green alga Nitella 
ha·s been reported (Palevitz et al., 1974). It is thought that. 
these filaments play an important role in cytoplasmic streaming. 
Palevitz et al.(1974) have shown that the microfilaments in 
Nitella contain·actin. Electron micrographs of Nitella reveal 
0 
bundles of microfilaments 50 A in diameter having a structure 
similar to actin. These bundles of filaments are found at-
tached to the chloroplasts at the interface of the mobile 
endoplasm and the stationary ectoplasm. The microfilaments 
run in the direction of the streaming (Kersey et al., 1976). 
0 
Microfilaments are normally defined as fibrils 50-80 A 
0 
in diameter, although filaments of 80-250 A in diameter have 
been documented. They usually occur in parallel bundles and 
sheaths or as a loose network located just below the ~ell 
membrane. Microfilaments are composed of the protein actin. 
9 
Actin exists in 2 forms, a globular subunit with a molecular 
weight of 46,000. This is called G-actin. G-actin is poly-
merized to the fibrillar F-actin in high ionic concentration. 
The F-actin is the form found together in filaments. It is 
composed of two helical chains which together measure approxi-
o 
mately 50 A in diameter. Actin and thus most microfilaments 
can be located in a cellular system due to the fact that the 
protein interacts with heavy meromyosin. Heavy meromyosin 
is the· globular ATPase portion which can be separated from 
the rest.of myosin by trypsin digestion. When F-actin binds 
with.the heavy meromyosin, it produces a distinct arrowhead 
pattern pointing in one direction. 
Heavy meromyosin (hereafter referred to as HMM) labelling 
has been utilized to locate microfilaments and F-actin in a 
variety of non-muscle cells. They have been detected in the 
algae Chara (Kersey, 1976), Coleochaete and Mougeotia (MarchanD, 
1976) as well as Nitella (Palevitz and Hepler, 1975, Palevitz, 
et al., 1974). In_animal systems HMM labelled filaments have 
been found in neurosecvetory cells of the pond. snaii ijelisoma 
duryi (Saleuddin and Jones, 1976) and in membrane regions in 
oxyntic cells (Vial and Garrido, 1976), to name a few. 
The alkaloid cytochalasin B seems to disrupt certain 
microfilament systems that contain actin. Cytochalasin B 
is a fungal metabolite isolated and identified by Aldridge. 
This drug has been shown to inhibit cytoplasmic streaming 
in Nitella. Wessels et al ·(1971) demonstrated the inhibition 
10 
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of streaming 1 hour after the introduction of cytochalasin B. 
Once the drug was washed out streaming resumed. It also ap-
pears to inhibit chloroplast movement in Mougeotia (Wagner 
et al., 1972). Cytochalasin B has been shown to disrupt 
secretory function in many cell systems. Bauduin and co-
workers (1975) have shown an inhibition in the secretion or 
enzymes from acinar cells of the exocrine pancreas. Mollenhauer 
and Moore (1976) noted that cytocnalasin B altered the distrib-
ution of secretory vesicles in the epidermal and outer cap 
cell of maize. These results suggest the involvement of a 
microfilamentous system in the secretion and transport of 
materials. 
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MATERIALS AND METHODS 
Experimental Organism 
The experimental organism employed in this investi�ation 
was the unicellular, biflagellated green algae Chlamydomonas 
m'oewusii 96=(+); 97=(-). · Cultures of C. moewusii were ob­
tained from the Culture Collection of Algae at the University 
of Texas. 
Culture Methods 
The cultures were maintained in 75-125 ml of growth medium 
(GM) in 250 ml cotton plugged Erlenmyer flasks. They we�e grown 
at 23±1° ,C under cont.inuous illumination of 200-400 ft-c. 
Culture Maintenance 
Cultures of C. moewusii were maintained by transferring 
5 ml of a 2 week old cell suspension into fresh growth medium 
flasks. One ml of the above mentioned 2 week old cell suspension 
was pipetted on each sterile agar plate and swirled for a homo­
genous layer of cells. Agar plates consisted of 15 g/1 of 
bacteriologic grade agar dissolved.in growth medium. 
Five days prior to transfer, cell suspensions were observed 
for contamination. One half ml of a cell suspension was intro­
auced into culture tubes containing 10 ml of nutrient broth 
(Fisher Scientific 8 g/1). The inoculated tubes were allowed 
12 
to. incubate at ro'om temperature (23±1°c, until the time of 
transfer. The criterion for contamination was the presence 
of any growth or turbidity in the culture tubes. 
All of the above mentioned transfers were performed 
under aseptic conditions. 
Gametic Induction 
Gametogenesis was induced by flooding 7-14 day old plates 
with approximately 10 ml of distilled deionized H2o and gently 
scraping the plates with a clean; sterile microscope slide. 
The scraped ce11·s were pipetted into 12 ml graduated centrifuge 
tubes and washed by gentle centrifugation in a clinical centri-
fuge (I.E.C. model Cl). Cells were centrifuged for 5 minutes 
at 710 rpm (rotor no. 221). The supernatant fluid was decanted 
and the cellular pellet was resuspended in 10 ml of induction 
medium, the composition of which is described at the end of 
this section. 
The resuspended cells were then transferred to sterile petri 
0 dishes and placed in the dark for 10-12 hrs at 21 C. After the 
dark period, the cells were then light activated for 30 minutes 
at an intensity of 200-400 ft-c. 
Before each experiment, sexual maturity was judged by 
mixing equal volumes of 96 (+) with 97 (-) and observing the 
agglutination phenomena. Bacterial contamination.of the gametes 
was also checked with light microscopy prior to experimentation. 
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Gametic Induction of Cells Grown on M0£ified Bristols and 
j 
Knops Medium 
Chlamydomonas moewusii _(96 and 97) were grown on either 
Bristqls medium agar plates or Knops medium agar plates ·at 
23±1° c.
Gametogenesis was induced by flooding the plates with 
either 0.02M TRIS pH 6.9 or IM. Cells were scraped from the 
plate with sterile microscope slides and placed in sterile 
petri dishes. The petri dishes were placed in the dark for 
12 hrs at 23±1° C. The gametes were then centrifuged for 5
minutes in a clinical centrifuge (I.E. C •. ..model Cl 1} at 710 
rpm (�otor no. 221). The cells were resuspended in either 
IM ., 0.02M TRIS pH 6.9 or Copulation Medium (WCM) pH 6.8. 
After induction ., the gametes of one mating type were. 
placed in three separate test tubes. The cells in the first 
tube were adjusted to an optical density of .I7. The �econd 
tube was adjusted to an optical density of .28 and the third 
tube to .35. The same procedure was. performed on the gametes 
of the opposite mating type. After the optical density of 
both·mating types were adjusted, they were mixed ., observed 
for agglutination, and incubated for 4 hours in the light 
at 23±1° C. Gametes were immobilized with 1 drop of 2% 
glutaraldehyde and percent pairing was determined. 
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Measurement of Mating Activity 
Mating activity was measured as a percentage of paired 
cells. The number of pairs and single cells were counted 
in a hemocytometer. The number of paired celis divided by 
the total cell count times 100 resulted in the percentage of 
pairs. 
Cytochemical Techniques 
Unless otherwise stated, all experiments utilizing tbe 
electron microscope followed the procedures listed below. 
A. Fix�tion Dehydration and Embedding (Modified Method
of Goodenough & Weiss, 1978) 
l); Cells were fixed in cold .08% glutaraldehyde 
in 10 mM H-2-hydroxyethylpiperazine-N-2 ethane 
sulfonic acid (HEPES) buffer, pH 7 for 15 minutes. 
2) The cells were gently spun in a clinical centri­
fuge (I.E.C. model Cl) at 210 rpm (�otor no. 221)
for 15 minutes. The supernate was aspirated and
the pe�let was resuspen9ed in equal vol. of cold
2% 0304 in-IM for 30 minutes in the dark.
3. The cells were gently spun again as noted above
and the 2% 0304 was aspirated and the pellet was
embedded in 1.5% agar in IM.
4. The cells were chilled for 5 minutes at 4 ° to
solidify the agar. The agar plug was then removed
using a flattened applicator stick.
1� 
B. 
5. Agar cubes were cut with a r.azor blade and
dehydrated in an alcohol series (35%, 50%, 70%,
95%) in the cold. Further dehydration at 100%
ethanol was performed twice (15 min. ea) at
room temperature.
6. The last ethanol change was replaced by 2 changes
in acetone at 15 minutes each.
7. The agar cubes were then infiltrated with in­
creasing concentrations of plastic/acetone for
1 hr each; 25% plastic/acetone; 50% plastic/
acetone and overnight at 75% plastic/acetone.
The last infiltration was for 1 hr in 100% plastic.
8. The agar cubes were then placed in molds and
filled with 100% plastic and cured for 10 hrs
at 68° C. The embedding pla�tic was the hard
form mixture of Spurr (1969) Low-Viscosity
Embedding medium .
Ultramicrotomy and Staining 
Sections were cut on a Sorvall Porter-Blum MT-2B 
Ultramicrotome using a diamond knife. Silver sections were 
collected on cleaned 300 mesh copper grids and post-stained 
with a saturated solution of uran�l acetate (9.2 g/1 of co
2 
free H20) for 30 minutes. The grids were then washed with
distilled deionized H20 and stained for 15 minutes in lead
citrate (Reynolds, 1963). Grids were observed with the 
Hitachi HS-8 electron microscope. 
16 
Cells Treated in the Cold (4° C) 
Vegetative cells of both mating types were induced for 
10-12 hrs at 21° C in the dark. The gametes were then light 
activated for 30 minutes at room temperature, mixed and placed 
immediately in a 4° C cold room under constant illumination 
of 300-400 ft-c. The illumination did not affect the temp-
erature of the cold room. Once the cells were placed in the 
cold, all subsequent operations performed were done in the cold. 
I 
The gametes were allowed a 4-5 hour mating period before pairing 
percentage were determined. 
Colchicine Treatment of Cells 
Seven-14 day old cells were induced in accordance to the 
above mentioned method. 
One half hour before light activation 1.0 ml aliquots 
of both 96 and 97 cell types were treated with various concen-
trations of colchicine (Nutritional Biochem. Corp~). Final 
concentrati~ns of colchicine used were l0-2M, 10-3M, and l0-4M. 
One ml aliquots of colchicine were used to treat the cells. 
At the time of light activation another 1.0 ml aliquot 
of cells were treated with the same final concentration and 
volume of colchicine. Both experimental groups were allowed 
30 minutes of light activation before they were mixed with 
their respective mating types. After mixing the cells, they 
were observed for agglutination. The mixed .cells were also. 
',. ' 
observed for the presence of flagella. 
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The mixed ceils were incubated for 4-5 hours at 19±1° C 
at an illumi.nation of 300-400 ft-c. This mating period was 
terminated with the addition of 2% glutaraldehyde in IM. 
The pairing percentage of these fixed cells was then 
determined. Cont'rol groups were run with experimental groups 
but without the treatment of colchicine. 
Cytochalasin B Treatment of Cells 
Cytochalasin B (Calbiochem) was prepared in a 1 mg/ml 
stock solution in 1% Dimethyl Sulfoxide (DMSO) (Sigma Chemical 
Comp). DMSO facilitates the uptake of cytochalasin B by the 
cell. •
The cells were treated in a similar manner as the col­
chicine treated cells except; 0.25 ml aliquots of both cells 
and cytochalasin B were .used, and the final concentrations 
of cytochalasin B used were 100 ug/ml and 10 ug/ml. 
Two sets of control groups were employed. One group 
was treated With 1% DMSO before mixing, the other group were 
non-tr,�ated mixed cells. 
Preparation of Myosin (Modified method of Tonamura, Appel, and 
Morales, 1966). 
Myosin preparations were carried out at 0-3° C. All 
centrifugations were performed in a Sorvall refrigerated 
centrifuge (Model RC2-B). 
Adult rabbit dorsal muscle was chilled and freed from 
fascin, fat and hair. The chilled muscle was then cut into 
18 
small cubes and homogenized in a Sorvall Omni-mixer. The 
minced tissue was extracted with 3 times its weight of KCl-
Phosphate buffer pH 6~8 (0.3M KCl, O.lM KH2Po 4 and 0.05~ 
K2HP0 4 ). The suspension was slowly stirred for 20 minutes 
and the extract was placed in 250 ml plastic centrifuge 
bottles and centrifuged at 8000 rpm (10,400 xg) for 10 minutes 
in .. a type GSA rotor. The supernate was filtered through a 
Whatman No. 1 paper filter,.to free it from any large chunks 
of muscle and debris. Plastic tubing was arranged from the· 
funnel to the floor of the receptacle to avoid any bubbling 
of the supernate. 
The filtrate was diluted with 10 times its volume of dis-
tilled·deionized H2o and allowed to stand overnight. This al-
lowed the myosin to settle out. The clear supernate was 
aspirated and the precipitate was centrifuged at 8000 rpm 
(10,400 xg) for 19 minutes. The precipitates were combined 
and dissolved in 0.4M KCl pH 6.8 and centrifuged at 10,000 
rpm ~12,100 xg) for 1 hour in a type SS-34 rotor. The above 
steps were repeated twice to insure a relatively pure myosin 
preparation. The last dissolution was with o.6M KCl. The 
resul~ing solution was centrifuged at 10,000 rpm (12,100 xg) 
for 4 hours (SS-34 rotor) to remove any insoluble material. 
Twenty-five ml of solution was dialyzed for 12 hours 
against 250 ml of O. 5M KCl and O. 05M p·hosphate buffer pH 7. 0. 
The solveht was changed 3 times. When prepared in this manner 
the final stock solution concentration is usually 1-2 g% myosin. 
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Digestion and Preparation of Heavy Meromyosin (HMM) (Lowey 
and Cohen, 1962). 
Heavy meromyos'in was prepared by trypt·ic digestion -of 
myosin and separated from light meromyosin (LMM) and residual 
myosin by dialysis against .05M KCl and .005M phosphate buffer 
pH 6.2. H;MM supernatant was centrifuged at 10,000 rpm (12,000 
xg) in a type SS-34 rotor to remove any traces of LMM. For 
every 10 ml of myosin, 1 ml of a 0.05% solution of trypsin 
(Calbiochem) was added. The myosin was digested with the 
trypsin solution for 5 minutes at 24 ° C with constant stirring. 
This reaction was termined with the addition of soybean trypsin 
inhibitor (Miles-Seravac). For every 10 ml of myosin, 1 ml of 
a 0.1% solution soybean trypsin inhibitor was used. The�digest 
was then dialyzed against 10 times its volume of KCl-phosphate 
buffer pH 7.0. 
The soluble HMM was further purified by collecting the 
ammonium sulfate (Sigma Chemical Company) precipitate between 
Y0-60% saturation. The resulting precipitate was lyophilized 
0and stored at -20 C. 
HMM Treatment of Cells 
Mixed cells of C. moewusii (96+97) were passed through 
a glycerination (glycerol and salt solution) and deglyceri­
nation series before labelling with HMM. The percentage of 
glycerol plus salts and the amount of time cells were exposed 
to the respective percentage are as follows: 
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5% 
10% 
25% 
50% 
25% 
5% 
glycerol in 
glycerol " 
glycerol 11 
glycerol " 
glycerol 11 
glycerol 11 
buffer 0.5 hr 
II 1 hr 
II 2 hr 
II overnight 
II 2 hr 
II 5 hr 
The composition of the salt solution was as follows: 
O.lM KCl
5 mM MgC12
5 mM Potassium phosphate buffer, pH 7.0 
Palevitz et al (1975) reported that due to the high tugor 
pressure i� plant material, glycerination in a graded series 
is called for to reduce drastic plasmolysis and disruption 
of c�llular integrity. Glycerination also helps facilitate 
diffusion of HMM into the cell (Ishikawa, 1969). 
After glycerination the mixed cells were incubated for 
36 hrs in HMM. At the termination of the incubation period, 
the cells were centrifuged gently and prepared (see Cytochemical 
Techniques) for observation with the electron microscope. 
Composition of Various Mediums Used 
Growth Medium 
Distilled deionized H20
Sodium Citrate 
CaC12 · 2H20
Mgso4 7H20
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1000 ml 
0.5 g/1 
0.10 g/1 
0.60 g/1 
Composition of Various Mediums Used (cont'd) 
Growth Medium 
NH4Cl. 0.40 g/1 
K2H-Pq4 2.15 g/1 
KH2 P04 1.09 g/1 
1% Fec13 0.05 ml 
Trace element stock solution 1.0 ml 
pH 6.8±.2 
Trace element stock solution: 
0.1£8g H3B03, o.880 g MnCl2 , 0.109 g/1 ZnCl 2 , 0.026 g/1
cac12, 0.0242 g/1 Na2 Mo04 · H2o, 0.03 mg/1 c�c12� 7.44
g/1 Na EDTA . 2H20.
Induction Medium 
Distilled deionized H20 
Sodium citrate 
CaC12 · 2H20
Mg so4 . 7H20
K2 HP04
KH2 P04
1% Fe.c1
3
Trace element stock solution 
pH 7. 4 ±. 2 
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1000 ml 
0.05 g/1 
0.01 g/1 
0.06 g/1 
0.717 g/1 
.. O .363 g/1 
0.05 ml 
0.1 ml 
Modified Knops Medium (Wiese > 1965)
Distilled deionized H20
Ca (N03)2.
KN03
Mg so4
KH2 P04
1% Fec13
Trace element stock solution 
15 g/1 agar 
Modified Bristols Medium 
Distilled deionized H20
Na No
3 
Ca Cl2
Mg S04 . 7H20
K2H P04
KH2 Po4
NaCl 
1% Fec1
3
Trace element stock solution 
Eagles Vitamin (Difeo Laboratories) 
15 g/1 agar 
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1000 ml 
o.6 g/1
0.15 g/1 
0.15 g/1 
0.15 g/1 
0.05 ml 
1 ml 
1000 ml 
10.0 g/1 
1.0 g/1 
3.0 g/1 
3.0 g/1 
7.0 g/1 
1.0 g/1 
0.05 ml 
1.0 ml 
5.0 ml 
. 7H O 2 
Copulation Medium (WCM) (Wiese, 
Distilled deionized H20
CaCl.2
Mg so 4
. 
7H2o
Na2 HP04 
. 12H20 
24 
1965) 
1000 ml 
0.01 g/1 
0.01 g/1 
0.01 g/1 
RESULTS 
Effect of Nutrient on Pairing 
Both mating types of C. moewusii were grown on agar 
plates conta1ning modified Knops medium or modified Bristols 
medium. Cells were then induced for 12 hrs in either 0.02 
TRIS or induction medium. After the 12 hours the cells were 
washed and resuspended in either 0.02M TRIS, IM or copulation 
medium WCM'. After resuspension, the optical density· of the 
two mating types were adjusted to 0.17, .28, .35 at a wave-
length of 520 nm and the gametes mixed. As Tables I-II illus-
trate, neither cells grown on Bristols medium or Knops medium 
showed increased pairing percentages, ~he highest percent of 
pairing obtained was 7.7%). Percent pairing between media 
groups was not significantly different. Tables III and IV 
show that cells induced overnight with 0.02M TRIS pH 6.9 
demonstrate a higher percentage of pairing than do those cells 
induced with induction medium, regardless of which medium was 
employed. However, subsequent experiments have shown a high 
percentage of pairing between compatible cell types when in-
duction medium was used (See Table V and VI). 
\ 
Tables I-IV show that cell'densities had no apparent er-
feet on pairing. Cell cultures between the ages of 4-10 days 
old were found to be optimum for pairing experiments (data 
for days less than 4 and greater than 10 are not reported). 
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Cultures too young would not become gametic while older cul­
tures tended to demonstrate lysis of cells. 
Effect of Light/Dark and Mating Period on Pair�ng 
Vegetative cells of 96 and 97 were grown on growth medium 
agar (see Materials and Methods) and induced for 12 hrs in the 
dark with induction medium. After gametogenesis, the optical 
density of both mating types was determined to insure equality. 
Gametes of both mating types of C. moewusii were then mixed 
and placed in either the light (400 ft-c) or the dark at 24 ° C. 
Per.cent pairing of the gametes was determined at 30 minutes and 
every other hour for 13 hours. Data from this experiment showed 
'· 
that the highest percent of pairing was obtained with cells mixed 
in the light for a mating period of 1 hr at 24° C (Table V). 
Fi.gure I depicts the results of the experiment in graph form. 
Note that after the high peak at 1 hr, there was a decline in 
the percent of pairs of gametes in the light. At 1 hrs there 
then occurred an increase in pairing of gametes with a peaking 
off at 11 hrs. 
Cells mixed in the dark showed a similar pattern of mating 
in which two peaks of high mating percentages were evident. 
However, throughout the entire experiment, those gametes mixed 
in the light demonstrated a higher percentage of pairing than 
did those gametes mixed in the dark. 
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Effect of Temperature Shift on Pairing 
Chlamydomonas moewusii of both mating types were grown 
on growth medium agar. At the desired culture age, the cells 
were induced with an induction medium in the dark at varying 
temperatures. After gametogenesis the cell densities were 
equalized� The gametes were mixed and shifted from their re­
spective induction temperature to 19 ° C and 400 ft-c for 1 hr. 
Another group of gametes were mixed and placed in the dark at 
19° C for 1 hour. 
It is obvious from Table VI that those cells induced at 
21° C then shifted to 19° C showed the highest mating percentage 
regardless of whether or not the mating period was conducted 
in the light or dark. Noticeable also is the fact that cells 
induced in 30° C showed the �owest percentage of pairing in 
spite of a light or dark mating condition .. However, in dealing 
with the other two induction temperature (24 ° and 27° C) it 
appears that a dark/light mating period has an effect on pairing. 
Those cells induced at 24 ° C and 27 ° Chad a significantly lower 
percentage._of pairing when placed in the dark compared to the 
cells in the light. 
Gametes induced at 27° , 24 ° and 21 ° C showed very strong 
and immediate agglutinatton. Cells were also very motile. Cells 
induced at 30° C demonstrated a very poor and slow agglutination 
response wi.th dimi·nished cellular motility. 
The next step was to determine what effect, if any, the 
drugs colchicine and cytochalasin B "had on pairing in Chlamydomonas 
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The effect of low temperatures (4° C) on pairing was also 
studied. 
Effect of -Colchicine on Pairing 
Treatment of gametic cells with colchicine for 45 minutes 
demonstrated a definite inhibitory effect on pairing inf. 
moewusii. The percentage of pairing decreased as the concen­
tration of colchicine increased (see Table VII). 
After 45 minutes of incubation with colchicine, the gametes 
were mixed and agglut�nation was noted. All groups showed. an 
immediate.and strong agglutination. At the same time agglu­
tination was judged, percent flagellation of both experimental 
and control gametes was determined (Table VII). If the gametes 
lost their flagella due to the shock of the drug treatment, 
then it WQuld be obvious that a low percentage of pairing would 
'exist. If this were the case, then the low pairing percentage 
would be the result of an indirect rather than a direct effect 
of the drug. Both groups showed a high percentage of flagella, 
pointing to the fact that the colchicine did indeed have a di­
rect inhibitory effect on pairing. 
Effect of, Cold (4° C) ·on Pairing 
Cells were induced for 12 hrs at 21° C ·and light activated 
for 30 minutes at room temperature. After mixing, the gametes 
were immediately placed in the cold. The cells l'{ere allowed 
to incubate for 4-5 hrs in the light. The results of this 
experiment showed the greatest inhibition of pairing in 
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Chlamydomonas. The cold treatment totally inhibited pair 
formation while cells still retained a high percentage of 
their flagella. The experimental group showed a percentage 
of retained flagella that was only slightly lower than the 
control group (Table XI). 
The cold seemed to have a noticeable affect on the ag­
glutination phenomena. After mixing, sexual agglutination 
. 
of the gametes was judged to be immediate and strong. After 
the cells were at 4° C for 30 min agglutination was rechecked. 
At this time many of the agglutinated gametic clumps had dis­
persed and demonstrated a very sluggish swimming pattern. 
Clumps of cells were still present but were not showing vi­
bratory movements normally seen with agglutination. 
Effect of Cytochalasin B on Pairing 
Results of this experiment showed that cytochalasin B 
had a less dramatic eff_'ect on pairing than did colchicine. 
Gametes treated with �i ther 10 'ug/ml or 100 ug/ml of cyto­
chalasin B showed limited inhibition of pairing. There was 
no difference in pairing inhibition betwe en gametes treated 
with 10 ug/ml of cytochalasin B and 100 ug/ml of cytochalasin 
B. Controls with 1% DMSO were included to determine what .
effect if �my, DMSO had on pairing. DMSO at the concentration 
used had no detectable effect on pairing and was nearly equal 
in pairing to the control groups run without ])MSO (Table IX). 
All groups showed an immediate and strong agglutination response 
after mixing. 
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Treatment of Gametes with HMM 
After pairing and drug experiments were performed on 
C. moewusii, the next -step was to locate microfilamentous 
structures in C. moewusii. As was stated earl~er when in-
cubated with heavy meromyosin (HMM), actin microfilaments 
show a herringbone or arrowhead complex on the filament. 
Gametes of both mating types were allowed to incubate 
for 4 hrs. The cells were then glycerinated, incubated with 
HMM, and fixed as described in the materials and methods 
-
section. When treated in this fashion, arrowhead complexes 
could not ·be detected in any region of the cell. Figure 3 
compares two single cells of C .. moewusii. Figure 3a is a 
cell not glycerinated or treated with HMM while Figure 3b 
has been glycerinated and treated with HMM. In Figure 3a 
note that the integrity of the cell is intact. Figure 3b 
describes the opposite condition. It shows a disruption of 
cellular components most obvious being the disruption of the 
microtubular array in the flagella. Figure 4 is an electron 
~icrograph of another cell treated with glycerin and HMM. 
Again this cell ~emonstrates a general lack pf cellular in-
tegrity, similar to that found in figure 3b. 
W.hat one notes when studying Figures 3 and 4 is that 
cells glycerinated, and incubated with HMM show a general 
cellular disruption, while those cells not treated retain 
both their cytoplasmic and flagellar composition. 
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DISCUSSION 
The purpose of this investigation was to first determine 
what conditions were required by the cell to result ·in a high 
pairing percentage. Second, determine what effect the drugs 
cytochalasin B and colchicine had on the pairing phenomena of 
C. moewusii. Third, to localize, by HMM labelling, micro­
filaments present in the C. moewusii gamete. 
Percentage of pairing in Chlarnydomonas had been documented 
by other investigators. Trainor and Roskosky (1963) have re­
ported ·up to 90% pairing in C. eugamet6s. In essence their 
work was very similar to this investigation, that is, they 
induced cells at one temperature and shifted them to a dif­
ferent mating temperature. These workers obtained the highest 
pairing percentages when the cells were induced at 30° Cin a
nitrogen deficient medium for 12 hours then shifted to the 
dark at a mating temperature of 22° C. They performed all
experimental manipulations in liquid cultures placed in water 
baths. A continuoua supply of co2 was bubbled in the cultures. 
When the cultures �eached a growth of 2 x 10 7 cell/ml they
were ready for mating experiments. Trainor and Roskosky· 
report high mating actiyity at other temperature shifts but, 
the highest mating activity occurred at the broadest shift, 
30 ° C - 22 ° C. They also suggest that the dark may serve
no other purpose but to retard the pairing activity. 
;n 
The dark prevented formation of zygotes and allowed cellular 
pairs to be easily observed. 
The first step in this investigation was to determine 
rwhat variables were required to allow high pairing percentages. 
The following variables were examined: nutrients, induction 
fluid, cell density, and culture age. None of the variables 
tested resulted in an increase of pairing. It was determined 
that cell cultures within a certain age limit were required 
for pairing. It is obvious that all of the abo·ve mentioned 
variables were important in some way for gametic pa�ring; but 
another ractor(s)_must be more crucial for high gametic pair­
ing. 
The next step was to determine what effect light/darl< 
and time of gametic interaction had on the pairing percentage. 
The results of these experiments yielded further. clues in sol­
ving the problem of pairing. It was noted that gametes inter­
acting for 1 hour in the light resulted in a higher percent 
of ·pairing than was seen in previous experimentation. Using 
this information > the effect of a temperature shift was tested. 
Resultq from this experiment were contrary to what was expected. 
Trainor and Roskosky found that the broadest range of temp­
erature shift yields the highest pairing, the data from this 
investigation suggested that the lowest range of temperature 
shift resulted in th� highest percent of pairing. Cells in­
duced for 12 hours in the dark at 21° C then shifted to the 
light at 19° C showed the greatest percent yield. One aspect 
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of this experiment that did coincide with Trainor and Roskosky 
was that the dark was not necessarily essential for pairing 
to occur. The same pairing percentages were obtained re­
gardless if gametes were placed in the dark or light. Dif­
ferences in pairing data between Trainor and Roskosky's work 
and this investigation were noted. These differences may be 
expected because > although the two species are very· similar 
(i.e. same morphology, same mating reaction etc.), C .. moewusii 
and c: eugametos are still separate species. 
Colombino (1976), working in the same laboratory where 
this investigation took place, reported a pairing percentage 
of 20%. He induced cells in the dark at room temperature 
for 12 hrs. The gametes were then mixed and ·placed in the 
light at room temperatur� for 4 hours. Under mating con­
ditions described above, this present investigation represents 
a greater than 50% increase in pairing activity. 
Treatment of gametes with cytochalasin B. resulted in 
an inhibition of pairing. However, the inhibition was not 
as great as was observed with colchicine treated cells. The 
following explanations may account for these results. First, 
there may be a penetration problem. The cytochalasin B, in 
spite of the DMSO, may not be fully penetrating the cell and 
exhibiting its full effect on the system. A higher concen­
tration of DMSO may be required for total penetration of the 
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drug. Second, cytochalasin B may not have had the same 
effect on Chlamydomonas actin filaments as it does with 
other cell actin. Thirdly, the mic.rofilaments in Chlamydomonas 
may have. a secondary or s4pportive function whereas other 
structures (i.e. microtubules) may be the primary structural 
factor involved in pair formation. 
Microfilaments haVe been observed in the developing 
fertilization tube (Triemer and Brown, 1975). It is reason­
able to suggest that the role of the microfilaments is to 
extend the fertilization tube until contact is made with the 
plasma papillae of the opposite gamete. The cytochalasin B 
in disrupting these filaments disallows the extension of the 
fertilization tube and thus prevents pairing between the two 
gametes. Gametes treated with the drug demonstrated a strong 
agglutination response after being mixed. This.points to the 
fact that the effect of cytochalasin B occ�rs somewhere be­
tween adhesion and pairing. 
Gametes treated with the antimicrotubular agent colchicine 
showed a greater inhibitory effect on pairing. Microtubules 
have·not been detected in the-fertilization tube so the drug 
must have had· its effect on a different region o� the cell. 
Flagellar microtubules would not seem to be affected since 
colchicine.did not influence the level of flagellation of 
the cells. If flagella were lost, the agglutination stage 
would be inhibiied, while in fact, colchicine treated cells 
showed strong and immediate agglutination. Therefore, the 
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rootlet and/or cytoplasmic microtubules must be suspected 
as being affected by the action of colchicine. These micro­
tubules along with microfilaments may be part of a sensory 
transduction model described by Puck (1977). In Chlamydomonas, 
flagellar contact by opposite gametes triggers the start of 
fertilization tube deyelopment. At the time of this contact 
a message to start fertilization tub� growth may pass through 
the flagellar membrane to microtubules by way of intercon­
necting filaments. The message would then be transmitted 
down the entir� length of  the axoneme to the rootlet or 
cytoplasmic microtubules. From here the message would be 
sent to an unknown region of the cell to start the assembly 
of microfilaments _ and. the eventual growth of the cytoplasmic 
bridge. When treated with colchicine, these cytoplasmic or 
rootlet microtubules may be disrupted putting a stop to the 
transmission of the message·. If the message cannot be re­
ceived by the microfilament-assembling region, no fertilization 
t·ube will devel-op and therefore no pairing will occur. This 
possible sensory transmission role of flagella in Chlamydomonas 
:� 
'• 
has also been suggested by Salter and Gibor (1977) and Goodenough 
and Weiss (1978). 
It is known that at low temperatures rnicrotubules are 
disrupted. It would therefore be expected that cells treated 
at a.low temperature would show similar results as cells treated 
with colchicine. The c0ld treatment in fact totally inhibited 
cellul�r pairing while still retaining their flagella. This 
wa& very important. When the experiment was. first designed, 
there was some shock to whether the cold would be too much of 
a shock and cause deflagellation of the cell. Inhibition of 
pairing was probably caused by disruption of the ·rootlet 
microtubules o� cytoplasmic microtubules. 
As mentioned in an earlier section, gametes treated with 
glycerin and HMM demonstrated a disarray of cellular components. 
It is·safe to say that glycerin and/or HMM had an effect on the 
disruption of the cell structures. If cells subjected to gly­
cerin and HMM exhibited disarray of cell structures, then it 
could be assumed the microfilaments were included in the dis­
ruption. Therefore, they could not bind with HMM to form an 
arrowhead complex. It appears that glycerin and/or HMM was 
getting into the cell and dissolving cellular cqmponents before 
they could be properly fixed. 
It is ironic that the glycerination procedure was proposed 
to relieve turgor pressure and plasmolysis and to retain cellu­
lar integrity (Palevitz and Hepler, 1975). In Chlamydomonas it 
appeared to have the opposite effect. 
The localization of microfilament is an area that should 
be explored further. It could provide important information about 
the cell. However, a more suitable labelling technique must be 
developed at least for Chlamydomonas. Heavy meromyosin label­
ling wou�d be the best method if the glycerination problem can 
be alleviated. Another promising technique is�that of tannic 
acid labelling. Tannie acid in conjunction with uranyl acetate 
is known to stain only microfilaments and microtubules (La 
Fountain et al., 1977). 
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TABLES AND FIGURES 
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Table I 
Modifi�d Knops Medium 
Age of Culture Induction Optical Percent 
(in days) Fluid Density Pairing 
4 IM - IM .17 .95 
4 IM - IM .28 . 70 
4 IM - IM .35 1. 85
4 IM - TRIS .17 0 
4 IM - TRIS .28 1.8 
4 IM - TRIS .35 1.7 
4 IM - WCM .17 1.1 
4 IM - WCM .28 3 .-s
4 IM - WCM . 35 3.8 
5 IM - IM .17 1.45 
5 IM - IM .28 .82 
5 IM - IM .35 2.0 
5 IM - TRIS .17 0 
5 tM TRIS .28 2.1 
5 IM - TRIS .35 4.9 
Tables I - IV 
Cells were induced for 12 hrs in the dark at room tempera­
ture, mixed and allowed to incubate for 4-5 hours in the 
light at room temperature. 
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Table I (cont'd)
Age of' Culture Induction Optical Percent
(i.n days) Fluid Density Pairing 
5 IM - WCM .17 5.2 5 
IM - WCM .28 5.8 5 IM - WCM .35 4.5 
6 
IM - IM .17 l.856 
IM - IM .28 1.1 6 
IM - IM .35 1.8 
IM - TRIS .17 1.3 6 
IM - TRIS .28 0 6 
IM - TRIS . 35 3.3 
6 
IM - WCM .17 5.9 6 
IM - WCM .28 6.2 6 
IM - WCM .35 5.9 
7 IM - IM .17 2.0 7 IM - IM .28 1.2 7 IM - IM .35 .75 G 
7 IM - TRIS .17 1.8 7 IM.:.. TRIS . 28 1.7 7 IM - TRIS .35 3.3 
7 IM - WCM .17 3.1 7 IM - WCM .28 2.3 7 IM - WCM . 35 1.0 
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Table I (cont'o) 
Age of Culture Induction Optical Percent 
(in days) Fluid Density Pairing 
8 IM--..: IM .17 1.5 
8 IM. -- IM .28 1.9 
8 IM - IM .35 1.6 
8 IM - TRIS .17 0 
8 IM - TRIS .28 .65 
8 IM - TRIS .35 2.1 
8 IM - WCM .17 0 
8 IM - WCM .28 3.3 
8 IM - WCM .35 2.8 
9 IM - IM .17 1.8 
9 IM - IM .28 2.0 
9 IM - IM . 35 -95
9 IM - TRIS .17 .85 
9 IM - TRIS .28 2.4 
9 IM - TRIS .35 1.9 
9 IM - WCM -17 0 
9 IM - WCM .28 2.8 
9 IM - WCM -35 3.1 
10 IM - IM .17 1.2 
10 IM - IM .28 1.4 
10 IM - IM .35 1.0 
4o 
Table I (cont'd) 
Age of' Culture Induction Optical Percent 
(in days) Fluid Density Pairing 
10 IM - TRIS .17 0 
10 IM - TRIS .28 .95 
10 IM - TRIS . 35 .19 
10 IM - WCM .17 0 
10 IM - WCM .28 2.2 
10 IM - WCM .35 0 
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Table II 
Modified Bristols Medium 
Age of Culture Induction Optical Percent 
(in days) Fluid Density Pairing 
4 IM - IM .17 1.1 
4 IM - IM .28 1.5 
4 IM - IM . 35 1.0 
4 IM - TRIS .17 .89 
4 IM - TRIS .28 0 
4 IM - TRIS .35 .90 
4 IM - WCM .17 2.1 
4 IM - WCM .28 2.9 
4 IM - WCM .35 4.0 
5 IM - IM .17 1.9 
5 IM -- IM .28 1.4 
5 IM - IM .35 1.3 
5 IM - TRIS .17 .53 
5 IM - TRIS .28 o_ 
5 IM - TRIS .35 2.0 
5 IM - WCM .17 0 
5 IM - WCM .28 3.1 
5 IM - WCM . 35 2.6 
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Table II (cont'd� 
Age of' Culture Induction Optical Percent 
(in days) Fluid Density Pairing 
6 IM - IM .17 1.1 
6 IM - IM .28 0 
6 IM - IM . 35 1.0 
6 IM - TRIS .17 0 
6 IM - TRIS .28 0 
6 IM - TRIS .35 0 
6 IM - WCM .17 7.7 
6 IM - WCM .28 5.4 
6 IM - WCM .35 2.8 
7 +M - IM .17 1.25 
7 IM - IM .28 .70 
7 IM - IM . 35 1.8 
7 IM - TRIS .17 0 
7 IM - TRIS .28 0 
7 IM - TRIS .35 1.42 
7 IM - WCM .17 0 
7 !M - WCM .28 2.4 
7 IM - WCM . 35 2.2 
8 IM - IM .17 .68 
8 IM - IM .28 1.86 
8 IM - IM . 35 3.0 
Table II (cont'd) 
A.ge of Culture Induction Optical Percent 
(in days) 'Fluid Density Pairing 
8 IM - TRIS .17 0 
8 IM .:. TRIS .28 1.2 
8 IM - TRIS -35 .6 
8 IM - WCM .17 0 
8 IM - WCM .28 . 7 
8 IM - WCM . 35 .6 
9 IM - IM .17 0 
9 IM - IM .28 1.1 
9 IM - IM -35 1.4 
9 IM - TRIS .17 0 
9 IM - TRIS . 28 .82 
9 IM - TRIS .35 .65 
9 IM - WCM .17 0 
9 IM - WCM .28 2.3 
9 IM - WCM .35 1.3 
10 IM - IM .17 0 
10 IM - IM .28 0 
10 IM - IM . 35 0 
10 IM - TRIS .17 0 
10 IM - TRIS . 28 0 
10 IM - TRIS .35 0 
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Table II (cont'd) 
Age of Culture Induction Optical Percent 
(in days) Fluid Density Pairing 
10 IM - WCM .17 0 
10 IM - WCM .28 0 
10 IM - WCM .35 0 
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Table III 
Modified Knops Media 
Age of Culture Induction Optical Percent 
(in days) Fluid Density Pairing 
4 TRIS - TRIS �17 11.9 
4 .TRIS - TRIS a28 · 19. 3
4 TRIS - TRIS . 35 17.3
4 TRIS - IM .17 11.5
4 TRIS - IM .28 11.9
4 TRIS - IM .35 12.3
4 TRIS - WCM .17 14.6
4 TRIS - WCM .28 14.3
4 TRIS - WCM .35 11.9
5 TRIS - TRIS .17 8.7 
5 TRIS - TRIS .28 13.8 
5 TRIS TRIS .35 14.3 
5 TRIS - IM .17 10.8-
5 TRIS - IM· .28 16.6 
5 TRIS - IM . 35 16.1 
5 TRIS - WCM .17 14.3 
5 TRIS - WCM .28 13.6 
5 TRIS - WCM .35 17.2 
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Table III· (cont'd) 
Age of Culture Induction Optical Percent 
(in.days) Fluid Density Pairing 
6 TRIS - TRIS .17 17.9 
6 TRIS - TRIS .28 21.1 
6 TRIS TRIS .35 21.2 
6 TRIS - IM .17 12.6 
6 TRIS - IM .28 12.6 
6 TRIS - IM .35 15.3 
6 TRIS WCM .17 19.,8 
6 TRIS - WCM .28 25.2 
6 TRIS - WCM .35 21.0 
7 TRIS - TRIS .17 18.5 
7 TRIS - TRIS .28 23.2 
7 TRIS - TRIS . 28 2I.l 
7 TRIS - IM .17 5.3 
7 TRIS - IM .28 21.7 
7 TRIS - IM .35 19.5 
7 TRIS - WCM .17 22.9 
7 TRIS - WCM . 28 31.8 
7 TRIS - WCM . 35 26.8 
8 TRIS - TRIS .17 19.1 
8 TRIS - TRIS .28 24.4 
8 TRIS - TRIS . 35 18.7 
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Table III (cont'd) 
Age of Culture Induction Optical Percent 
(in days) Fluid Density Pairing 
8 TRIS - IM .17 15.8 
8 TRIS - IM .28 21.3 
8 TRIS - IM .35 20.4 
8 TRIS - WCM .17 25.1 
8 TRIS - WCM .28 3�.6 
8 TRIS - WCM . 35 30.4 
9 TRIS - TRIS .17 21.0 
9 TRIS - TRIS .28 29.5 
9 TRIS - TRIS .35 27.0 
9 TRIS - IM .17 13.-9 
9 TRIS - IM .28 17.1 
9 TRIS - IM . 35 20.6 
9 TRIS - WCM .17 23 .1 
9 TRIS - WCM .28 36.8 
9 TRIS - WCM .35 3f.8 
10 TRIS - TRIS .17 15.3 
10 TRIS - TRIS .28 21.3 
10 TRIS - TRIS .35 16.9 
10 TRIS - IM .17 9.1 
10 TRIS - IM .28 15.7 
10 TRIS - IJVI .35 15.7 
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Table III (cont'd) 
Age of' Culture Induction Optical Percent 
(in days) Fluid Density Pairing 
10 TRIS - WCM .17 14.1 
10 TRIS - WCM .28 22.6 
10 TRIS - WCM .35 19.9 
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Table IV 
Modifie·d Bristols Media 
A.ge of Culture Induction Optical Percent 
(in days) Fluid Density Pairing 
4 TRIS - TRIS .17 12.8 
4 TRIS - TRIS .28 22.7 
4 TRIS - TRIS . 35 20.0 
4 TRIS - IM .17 5.5 
4 TRIS - IM .28 3.9
4 TRIS - IM .35 10.2 
4 TRIS - WCM .17 8.1 
4 TRIS - WCM .28 11.1 
4 TRIS - WCM .35 10.9 
5 TRIS - T_RIS .17 18.6 
5 TRIS - TRIS .28 23.9 
5 TRIS TRIS .35• 19.4 
5 TRIS - IM .17 15.8 
5 TRIS - IM .28 24.7 
5 TRIS - IM .35 20.7 
5 TRIS - WCM .17 20.3 
5 TRIS - WCM .28 24.6 
5 TRIS - WCM .35 20.8 
50 
Table IV (cont'd) 
Age of Culture Induction Optical Percent 
(in days) Fluid Density Pairing 
6 TRIS - TRIS .17 20.0 
6 TRIS - TRIS . 2 8 27.5 
6 TRIS - TRIS .35 22.5 
6 TRIS - IM .17 15.0 
6 TRIS - IM .28 22.0 
6 TRIS - IM .35 9.7 -
6 TRIS - WCM .1 7 23.3 
6 TRIS - WCM .28 27.2 
6 TRIS - WCM .35 25.1 
7 TRIS - TRIS .17 18.2 
7 TRIS - TRIS .28 22.0 
7 TRIS . TRIS . 35 19.2 -
7 TRIS - IM .17 17.7 
7 TRIS - IM .28 19.8 
7 TRIS - IM . 35 20.6 
7 TRIS - WCM .17 26.4 
7 TRIS - WCM . 28 32. 3
7 TRIS - WCM .35 29.2 
8 TRIS - TRIS ,17 17.3 
8 TRIS - TRIS .28 23.4 
8 TRIS - TRIS .35 19.7 
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:able IV (cont'd) 
,ge of Culture Induction Optical Percent 
(in days) Fluid Density Pairing 
8 TRIS - IM .17 9.8 
8 TRIS - IM . 28 21.0 
8 TRIS - IM .35 20.5 
8 TRIS - WCM .17 38:2 
8 TRIS - WCM .28 46.9 
8 TRIS - WCM .35 46.9 
9 TRIS - TRIS .17 17. 4
9 TRIS - TRIS .28 22.8 
9 TRIS - TRIS .35 19.8 
9 TRIS - IM .17 16.9 
9 TRIS ..,. IM .28 19.3 
9 TRIS 
-
IM .35 19.1 -
9 TRIS WCM .17 22.8 
9 TRIS - WCM .28 31.2 
9 TRIS - WCM .35 26.5 
10 TRIS - TRIS .17 17.0 
10 TRIS - TRIS .28 26.1 
10 TRIS - TRIS .35 39.1 
10 TRIS - IM .17 10.5 
10 TRIS IM .28 14.9 
10 TRIS - IM ,35 39.1 
Table IV (cont'd) 
Age of Culture Induction Optical Percent 
(in days) Fluid Density Pairing 
10 TRIS - WCM .17 11.4 
10 TRIS - WCM .28 7.2 
10 TRIS - WCM . 35 7.0 
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Table V 
Effect of Time and Light/Dark on Pairing 
Time of Mating Period Mating Condition Percent Pairing*· 
\ hr Dark 24 ° C±l0 18.8% 
Light 25.3% 
1 hr Dark 23.0% 
Light 32.9% 
3 hr Dark 25.3% 
Light 25.7% 
5 hr Dark 24.4% 
Light 24.2% 
7 hr Dark 20.3% 
Light 23.4% 
9 hr Dark 21.7% 
Light 28.1% 
11 hr Dark 23.1% 
Light 29.1% 
13 hr Dark 23.8% 
Light 28.0% 
*Average Percentages of 3 experiments
Cells were grown on growth medium agar plates, scraped and induced 
with IM for 12 hours in the dark at 21° c. The gametes were light 
activated for 30 minutes, mixed and allowed to incubate for various 
times at 24 ° c in either the dark or light. 
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Effect 
:Ind uc t.ion. 
1emp. 
30 
27 
24 
21 
30 
27 
24 
21 
in °c. 
of Temperature 
Mating 
Temp. ±l0c
19 
19 
19 
19 
19 
19 
19 
19 
Table VI
Shift and Dark/Light 
Time of 
Mating Period 
1 hour 
1 hour 
1 hour 
1 hour 
1 hour 
1 hour 
1 hour 
1 hour 
on Pairing 
Mating 
Condition 
Dark 
Dark 
Dark 
Dark 
Light 
Light 
Light 
Light 
Percent 
Pairing* 
J.9.2 
28.5 
28.9 
43.2 
19.6 
40.8 
35.6 
43.0 
Average percentage of 4 experiments· 
cells were grown on growth medium agar, scraped, and induced with Mat 
varying temperatures for 12 hours in the dark. After light activation, 
the gametes were mixed and allowed to interact for 1 our at 19° c in 
either the dark or light. 
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Colchicine Added at the 
Time of Light Activation 
Percent Flagellation 
CONTROL 
94.4±1.1 
92.8±2.8 
Table VII 
Colchicine Added\ hr. 
Before Light Activation 
Percent Flagellation 
92,1±2,2 
93,5±2.6 
94.4±3,0 
Colchicine Added\ hr. ;Colchicine Added at the 
Time of Light Activation Before Light Activation 
Percent Pairing Percent Pairing 
46.8±6,3 
0 
28,7±10.6 
0,95±1,5 
92,7±1,3 
Pairing With Colcqicine Added 
at the Time of Light Activation 
Percent of Control 
0 
42.3 
61. 3 
Table VIII 
Pairing With Colchicine Added 
at the Time of Light Activation 
Percent of Control 
2 
37 
57.9 
Vl 
a, 
10 ug/ml 
100 ug/ml 
Cytochalasin B Added 
at the Time of Light 
Activation 
Percent Pairing 
Table IX 
Effect of Cytochalasin B 
on 
Pairing in Chlamydomonas moewusii 
Percent Pairing 
Control 38±6.4 
Control 36.2±3.8 
With 
DMSO 
Cytochalasin B Added 
\ hr Before Light 
Activation 
Percent Pairing 
26.3±8.5 
\Jl 
\0 
10 ug/ml 
100 ug/ml 
Pairing With Cytochalasin B 
Added at the Time of Light 
Activation 
Peraent.6f Control 
93.6 
75.5 
Table X 
P~iring With Cytochalasin B 
Added\ hr Before Light 
Activation 
Percent of Control 
69.2 
76.8 
Cold at Time of Light 
Activation 
Percent Flagellation 
87,4±5,7 
Percent Flagellation 
90.8±4.6 
Table XI 
Cold Control (24±1°C) 
Cold at Time of Light 
Activation 
Percent Pairing 
0 
Pere:ent Pairing 
40±5,7 
Figure 1 
Effect of Light/Dark and Time on 
Gametic Pairing in Chlamydomonas moewusii 
Key 
Light =>< 
Dark~ 
61 
40 
30 
-X 
0\ 
I\.) 
20 
V, 
~ 
-<( 
D. 
'* 
10 
Q--,1---....---.-----..---..--------..------.---.....----------------
O .5 10 11 12 13 
TIME Ch~s) 
.-
V 
Figur� 3 
3a) Electron mierograph of a non-glycerinated Chlamydomonas 
moewusii cell. (x 13,000) 
3b) Cell of C. moewusii treated with glycerin and HMM. 
Note disruption of both qytoplas.mic and flagellar 
structures. (x 29,000) 
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... 

Figure 4 
Chlamydomonas moewusii cell treated with glycerin and HMM. 
Note disruption of microtubular array in the rootlet region 
(MT). (x 29,000) 
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LITERATURE CITED 
Bauduin,H., Stock, D. Vincent, and J.F. Grenier (1975). 
Microfilamentous system and secretion of enzyme in the 
exocrine pancreas. Effect of cytochalasin B. J. Cell 
Biol. 66: 165-181. 
Berry, R.W. and M.L. Shelanski (1972). Interaction of tubulin 
with vinblastine and guanosine triphosphate. J. Mol. Biol. 
71: 71-80. 
Borisy, G.G. and E.W. Taylor (1967). The mechanism of action 
of colchicine: binding of colchicine-3H to cellular protein. 
J. Cell Biol. Jl: 525-533. 
Borisy, G.G., J.B. Olmstead, J.M. Marcum, and C. Allen (1974). 
Microtubule assembly in vitro. Fed. Proc. 33: 167-174. 
Brown, R.M., C. Johnson, and H.C. Bold (1968). Electron and 
phase-contrast microscopy of sexual reproduction in Chlamy_-
domonas moewusii. J. Phycol. 4: 100-120. 
Cappuccinelli, P. and J.M. Ashworth (1976). The effect of in-
hibitors of microtubule and microfilament function on the 
cellular slime mol.d Dictyostelium discoideum. Exp. C~ll 
Res. 103: 387-393. 
Colombino, L.F. (1976). Cell surface localization of the 
sialytransferase ectoenzyme system during the Chlamydomonas 
mating reaction. Masters Thesis. s.u.c. ·Brockport. 
66 
Foerster, H.L., L. Wiese, and G. Braunitzer (1956). Uber das 
agglutinierend wirkende gynogamon von Chlamydomonas eugametos 
Z. Naturforsch. llb: 315-317. 
Friedman, I._, A.L. Colwin, and L.H. Colwin (1968). Fine structural 
aspects of fertilization in Chlamydomonas reinhardtii. J. 
Cell Sci. J: 115-128. 
Goodenough, U.W. and R.L. Weiss (1975). Gametic differentiation 
in Chlamydomonas reinhardtii III. Cell wall lysis and micro-
filament associated matin~ structure activation in wild-type 
and mutant strains. J. Cell Biol. 67: 623-637. 
Inoue, S. (1952). The effect of coichicine on the microscopic and 
submicroscopic structure of the mitotic spindle. Exp. Cell 
Res. 2 (suppl): 305-318. 
Ishikawa, H., R. Bischoff, and H. Holtzer (1969). Formation of 
arrowhead complexes with heavy meromyosin in a variety of 
cell types. J. Cell Biol. 43: 312-328. 
Kersey, Y.M., P.K. Hepler, B.A. Palevitz, and N.K. Wessels (1976). 
Polarity of actin filaments in Characean algae. Proc. Nat. 
Acad. Sci. USA. 1]_: 165-167. 
Kiefer, B.I. (1970). Development, organizatio~ and degeneration 
of the Drosophila sperm flagellum. J. Cell -sci. f: 177-194. 
LaFountain,J.R., C.R. Zobel, H.R. Thomas, and C. Galbreath (1977). 
Fixation and staining of F-actin and microfilaments using 
tannic acid. J. Ul trastruc. Res. 5 8: ·78-86. 
Ledbetter, M.- and K. Porter (1963). A microt'ubulein plant cell 
fine structure. J. Cell Biol. 19: 239-250. 
Lewin, R.A. (1950). Gamete behavior .in Chlamydomonas. Nature 
166: 76-77. 
Lowey,S. and C. Cohen (1962). Studies on the structure of myosin .. 
J. Mol. Biol. 4: 293-308. 
Manton,I. and B. Clarke (1952). An electron microscopic study 
of the spermatozoid of Sphagnum. J. Exp. Bot.}: 265-289. 
Marchant, H.J. (1976). Actin in the green algae Coleochaete and 
Mougeotia. Planta (Berl) 131: 119-120. 
McLean, R.J., C.J. Laurendi, and R.M. Brown (1974). The relation-
ship of gamone to the mating reaction in Chlamydomonas 
moewusii. Proc. Nat. Acad. Sci. USA. 71: 2pl0-2613. 
' -
McLean, R.J. and R.M. Brown (1974). Cell surface differentiation 
of Chlamydomonas during gametogenesis. I. Mating and con-
canavalin A agglutinability. Dev. Biol. 36: 279-285. 
Mohri, H. (1_968). Amino acid composition of "tubulin" constituting 
microtubules of sperm flagella. Nature 217: 1053-1054. 
Olmstead, J.B., G.B. Witman, K. Carlson, and J.L. Rosenbaum (1971). 
Comparison of the microtubule proteins of neuro9lastoma cells, 
brain, and Chlamydomonas flagella. Proc. Nat. Acad. Sci. USA. 
68: 2272-2277. 
Palevitz, B.A., J.F. Ash, and P.K. Hepler (1974). Actin in the 
green algae., Nitella. Proc. Nat. Acad. Sci. USA. }l: 363-366. 
Palevitz, B.A. and P.K. Hepler (1975). Identification of actin 
in situ at the ectoplasm-endoplasm interface of Nitella. 
Microfilament-chloroplast association. J. Cell Biol. 65: 
29-'38. 
68 
Puck, T.T. (1977). Cyclic AMP~ the microtubule-microfilament 
system, and cancer. Proc. Nat. Acad. Sci. USA. l!:!_: 4491-4495-
Reynolds, E.S. (1963). The use of lead citrate at high pH as 
an electron-opaque stain in electron microscopy. J. Cell 
Biol. 17: 208-212. 
Ringo,D.L. (1967). Flagellar motion and fine structure of the fla-
gellar apparatus in Chlamydomonas. J. Cell Biol. 33: 543-571. 
Robinson, D.G., I. Grimm, and H. Sacks (1976). Colchicine and 
microfibril orientation. Brief report. Protoplasma 89: 
375-380. · 
Saleuddin, A.S.M. and G.M. Jones (1976). Actinlike filaments 
in the neurosecretory cell of Helisoma duryi. Can. J. Zool. 
54: 2001-2010. 
Solter,K.M. and A.Giber (1977). Evidence for role of flagella 
as sensory transducers in matin~ of Chlamydomonas reinhardtii. 
Nature 265: 444-445. 
Spurr, A.H. (1969). A low viscosity epoxy resin embedding medium 
for electron microscopy. J. Ultrastrµ~. Res. 26: 31-43. 
Stephens, R.E., F.L. Renaud, and I.R. Gibbons (1967). Guanine 
nucleotide associated with the protein of the 9uter fibers 
of flagella and cilia. Science 156: 1606-1608. 
Taylor, E.W .. (1965). The mechanism of colchicine inhibition of 
mitosis. J. Cell Biol. 25: 145-160. 
'11onomura,Y .. , P. Appel. and M. Morales (1966). On the molecular 
weight of myosin. II. Biochemistry 5: 515-52i. 
69 
Trainor, F.R. and F.G. Roskosky (1963). The effect of a tem-
perature shift on mating in Chlamydomonas eugametos. 
Can. J. Bot. 41: 673-680. 
Triemer,R.E. and R.M. Brown (1975). The ultrastructure ·of 
fertilization in Chlamydomonas moewusii. Protoplasma 84: 
315-325. 
Vial,J.D. and J. Garrido (1976). Actin-like filaments and 
membrane rearrangement in oxyntic cells. Proc. Nat. Acad. 
Sci. USA. 73: 4032-4036. 
Wagner,~., W. Haupt, and A. Laux (1972). Reversible inhibition 
of chloroplast movement by cytochalasin Bin the green alga 
Mougeotia. Science 176: 808-809. 
Warner,F.D. and P. Satir (1973). The substructure of ciliary 
microtubules. J. Cell Sci. 12: 313-326. 
Wessels, N.K., B.S. Spooner, J.F. Ash,M.O. Bradley, M~A. Luduena, 
E.L. Taylor, J.T. Wrenn, K.M. Yamada (1971). Microfilaments 
in cellular and aeveloPmental processes. Contractile micro-
filament·machinery of many cell types is reversibly· inhibited 
by cytochalasin B. Science 171: 135-143. 
Wiese, L. (1965). On sexual agglutination and mating type sub-
stances (gamone) in isogamous heterothallic Chlamydomonas I. 
Evidence of the identity of the gamone with the surface 
components responsible for sexual flagellar contact. J. 
Phycol. 1: 46-54. 
Wiese, L. and C.B. Metz (1969}. On the trypsin sensitivity of 
gamete contact at fertilization as studied with living 
gametes in Chlamydomonas. Biql. Bull. 136: 483-493-
70 
\ 
.. 
Wiese, L.and D. Shoemaker (1970). On sexual agglutination 
and mating type substances (gamone) in isogamous Chlamy-
domonas II. The effect of concanavalin A upon the mating 
type reaction. Biol. Bull. 138: 88-95. 
Wiese, L. and P.C. Hayward (1972). On sexual and mating type 
substanc~s in isogamous dioecious Chlamydomonas III. 
The sensitivity of sex cell contact to various enzymes. 
Amer. J. Bot. 59: 530-536. 
Witman, G.B., K. Carlson, and J.L. Rosenbaum (1972). Chlamydomona::: 
flagella. II. The distribution of tubulins 1 and 2 in the 
outer doublet micr6tubules. J. Cell Biol. 54: 540-555. 
71 
